THIN OPTICAL PICKUP UNIT COMPRISING 
ONLY GENERAL-PURPOSE OPTICAL PARTS 



Background of the Invention: 

This invention relates to an optical pickup unit, which is contained in an 
optical disc drive, for recording/reproducing data in/from an optical recording 
medium such as an optical disc. 

In the manner known in the art, an optical pickup unit is a unit for 
converging a laser beam produced by a semiconductor laser serving as an 
optical source on a signal recording surface of an optical disc through an 
objective lens and for detecting a return beam from the signal recording surface 
by a photodetector serving as optical detecting means. 

In the manner which will later be described In conjunction with Figs. 1 
and 2, an existing optical pickup unit comprises a semiconductor laser (laser 
diode), a diffraction grating, a beam splitter, a collimator lens, a rising mirror, an 
objective lens, a concave lens (enlargement lens), a photodetector (light 
receiving element), and a forward sensor. A rising or Included angle between 
a reflecting surface of the rising mirror and a pickup's lower surface is equal to 
45 degrees. Inasmuch as the photodetector cannot be miniaturized In the 
manner which will later be described in conjunction with Figs. 3A, 3B, 4, and 5, 
it Is difficult to make the existing optical pickup unit thin. 

In recent years, it has been advanced to make the optical disc drive 
thin. Accompanied with this, it is necessary for the optical pickup unit to make 
it thin. In order to make the optical pickup unit thin, a light emitting/receiving 
unit Integrally comprising a semiconductor laser, a photodetector, a diffraction 



grating, and a hologram element is well used. 

In addition, means for further making the optical pickup unit thin by 
using the light emitting/receiving unit is disclosed in Japanese Unexamined 
Patent Publications Tokkai Nos. Hei 10-177733 and 8-36779 or JP-A 10-177733 
and JP-A 08-036779. 

In JP-A 10-177733, an included angle between a reflecting surface of 
reflecting means and a recording surface of an optical recording medium is 
smaller than 45 degrees. In JP-A 08-036779, a rising mirror has a rising angle 
smaller than 45 degrees. 

However, such a light emitting/receiving unit is disadvantageous in that 
it is expensive. On the other hand, the optical pickup unit using general- 
purpose optical parts is advantageous in that it is not expensive in comparison 
with the optical pickup unit using the light emitting/receiving unit. This is 
because the general-purpose optical parts are not costly. 

Summary of the Invention; 

It is therefore an object of this invention to provide an optical pickup 
unit which is capable of making the optical pickup unit thin by using generally 
commercially available general-purpose optical parts. 

Other objects of this invention will become clear as the description 
proceeds. 

On describing the gist of this invention, it is possible to be understood 
that an optical pickup unit is for converging a laser beam produced by a 
semiconductor laser on a signal recording surface of an optical disc through an 
objective lens by reflecting the laser beam by a reflecting surface of a rising 
mirror and is for detecting a return beam from the signal recording surface by a 
photodetector by reflecting the return beam by the reflecting surface of the 
rising mirror. According to an aspect of this invention, a rising angle between 
the reflecting surface of the rising mirror and a pickup's lower surface is smaller 



than 45 degrees. Optical parts including the semiconductor laser and the 
photodetector are arranged in an optical base with the optical parts inclined to 
the optical base so that the optical parts are not jutted out the pickup's lower 
surface downwards. 

The afore-nnentioned optical pidajfTunit further may comprise, as the 
optical parts, a diffraction grating for sefparating the laser beam produced by the 
semiconductor laser into three beams, a beam splitter for reflecting the 
three laser beams from the diffraction grating and for transmitting the return 
beam, a collimator lens di^osed between the beam splitter and the rising 
mirror, and a concav^ens disposed between the beam splitter and the 
photodetector. Iri addition, the afore-mentioned optical pickup unit further may 
comprises, as^ne of the optical parts, a forward sensor for monitoring a light 
amount ofahe laser beam which is produced by the semiconductor laser and 
whicf3/is partially transmitted through the beam splitter, 
' ^p g ^f r^o-nrriptjnn nf t h t a D r a wipg i 
Fig. 1 is a plan view showing an optical system of an existing optical 
pickup unit; 

Fig. 2 is a front view showing the optical system of the existing optical 
pickup unit illustrated in Fig. 1 ; 

Figs. 3A and 3B are front and left-hand side views of a photodetector 
for use in an optical pickup unit, respectively; 

Fig. 4 is a front view showing an optical system of an existing thin 
optical pickup unit in which optical parts except for the photodetector are 
miniaturized; 

Fig. 5 is an enlarged fragmentary view of a taking-out terminal of the 
photodetector illustrated in Figs. 3A and SB and a hole and a metallic part of a 
flexible printed circuit board (FPC); 



Fig. 6 is a front view showing an optical system of an optical pickup 
unit according a preferred embodiment of this invention; 

Fig. 7 is a plan view of an optical base for use in the optical pickup unit 
illustrated in Fig. 6; and 

Fig. 8 is a view showing a relationship between a rising angle of a 
reflecting surface of a rising mirror shown in Fig. 6 and a rising angle of a 
reflecting surface of a rising mirror shown in Fig. 4. 

Description of the Prefe rred Embodiment: 

Referring to Figs. 1 and 2, an existing optical pickup unit will be 
described at first in order to facilitate an understanding of the present invention. 
Fig. 1 is a plan view showing an optical system of the existing optical pickup unit 
while Fig. 2 is a front view showing the optical system of the existing optical 
pickup unit. 

The illustrated optical pickup unit comprises a semiconductor laser 
(laser diode) LD, a diffraction grating GRT, a beam splitter BS, a collimator lens 
CL, a rising mirror MIR, an objective lens OL, a concave lens (enlargement 
lens) EL, a photodetector (light receiving element) PD, and a forward sensor FS. 
In addition, a reference symbol of Disc designates an optical disc. 

In the optical pickup unit with such a structure, disposed this side, the 
semiconductor laser LD radiates a laser beam in the horizontally forward 
direction. The outgoing laser beam is separated into three laser beams by the 
diffraction grating GRT and is bent at a right angle by the beam splitter BS to go 
horizontally leftward. In addition, the beam splitter BS separates the incident 
laser beam into a reflected beam and a transmitted beam at a constant ratio. 
For example, the beam splitter BS reflects 80% of the incident laser beam as 
the reflected beam and transmits 20% of the incident laser beam as the 
transmitted beam. The fonA^ard sensor FS is also called a front monitor and is 
for monitoring a light amount the transmitted beam from the beam splitter BS. 



The laser beam, which goes horizontally leftward, is collimated into a collimated 
beam by the collimator lens CL and thereafter is bent at a right angle by 
reflecting at a reflecting surface of the rising mirror MIR to go vertically upward. 
The laser beam, which goes vertically upward, is converged (irradiated) on a 
signal recording surface of the optical disc Disc through the objective lens OL. 

Reflected by the signal recording surface of the optical disc Disc, a 
reflected beam (return beam) goes vertically downward, passes through the 
objective lens OL, and is bent at a right angle by reflecting the reflecting surface 
of the rising mirror MIR to go horizontally rightward. The laser beam, which 
goes horizontally rightward, is detected by the photodetector PD through the 
collimator lens CL, the beam splitter BS, and the concave lens EL. 

In addition, in the manner as apparent from Fig. 2, the semiconductor 
laser LD, the beam splitter BS, the collimator lens CL, the rising mirror MIR, and 
the photodetector PD are disposed upper than a lower surface of the optical 
pickup unit (which will be called a pickup's lower surface). In addition, optical 
parts such as the semiconductor laser LD, the diffraction grating GRT, the beam 
splitter BS, the collimator lens CL, the rising mirror MIR, the concave lens EL, 
the photodetector PD, and the forward sensor FS are held in an optical base 
(not shown). Furthermore, the objective lens OL is held by a lens holder (not 
shown) which is supported to the optical base so as to be slightly movable. 
The pickup's lower surface is a lower surface of the optical base. At any rate, 
in the existing optical pickup unit, the rising mirror MIR is disposed so that the 
reflecting surface of the rising mirror MIR is inclined to the pickup's lower 
surface by 45 degrees. In other words, a rising or included angle 6 between 
the reflecting surface of the rising mirror MIR and the pickup's lower surface is 
equal to 45 degrees. 

The optical pickup unit with such a structure is moved in a 
predetermined disk radial direction for the optical disc Disc by a pickup driving 



portion (not shown). That is, the optical pickup unit is slidably supported on a 
chassis (not shown) of an optical disc drive. An upper surface of the chassis 
and the pickup's lower surface are arranged with mere a little space left 
therebetween. Accordingly, it is not preferable that the above-mentioned 
optical parts are projected into downwards lower than the pickup's lower surface 
(the lower surface of the optical base). In addition, it is possible to use 
generally commercially available general-purpose optical parts as the above- 
mentioned optical parts. 

^ As described above, in the existinaj9lOTcal pickup unit having a 
^structure in which the semiconductor Igt^r LD and the photodetector PD are 
separately arranged with each other, to make the height measure H of the 
optical pickup unit small my^lower heights of the beam splitter BS, the rising 
mirror MIR, and the oh^odetector PD and must minimize external forms of the 
objective lens Ofc^ the collimator lens CL, concave lens EL, and the laser diode 
(semicopd^jctor laser) LD. 

Among the optical parts, the beam splitter BS and the rising mirror MIR 
have almost material of glass and have hardly restrictions for cutting. As a 
result, it is possible for the beam splitter BS and the rising mirror MIR to 
relatively easily lower the heights thereof. In addition, the objective lens OL, 
the collimator lens CL, and the concave lens EL have almost material of glass 
or plastic and are formed by a press method or a molding method. Accordingly, 
it is also possible for the objective lens OL, the collimator lens CL, and the 
concave lens EL to minimize the external forms thereof and to lower the heights 
thereof by cutting them at a side of the lower surface of the optical pickup unit. 
Furthermore, although the laser diode (semiconductor laser) LD normally has 
an external form of a diameter (t) of 5.6mm, a laser diode having an external 
form of D-shape where a part thereof is cut is also commercially available. 



Accordingly, it is possible for the laser diode to relatively easily lower the height 
thereof. 

On the other hand, the photodetector PD has a plurality of signal 
taking-out pins (taking-out terminals) which are arranged with a constant gap 
(pitch) horizontally, as shown in Figs. 3A and 3B. Accordingly, in order to lower 
a height HpQ of the photodetector PD, the pitch between the pins must be 
narrowed and/or the number of pins must be decreased. However, in the 
manner which will later be described, caused by a problem about packaging 
and a problem of characteristic, it is impossible for the photodetector PD to 
easily lower the height Hpo thereof by narrowing the pitch between the pins and 
by decreasing the number of the pins. 

As a result, when the existing optical pickup unit is simply made thin 
(miniaturized), a thin optical pickup unit must have a structure as shown in Fig. 
4. 

In Fig. 4, reference symbols of LD', BS', CU, MIR', OL", and EL' 
designate a semiconductor laser, a beam splitter, a collimator lens, a rising 
mirror, an objective lens, and a concave lens, respectively, which miniaturize the 
corresponding those illustrated in Fig. 2. A rising or included angle 9 
between the pickup's lower surface and a reflecting surface of the rising mirror 
MIR' is also equal to 45 degrees. The thin optical pickup unit has a height 
measure H' which is lower than the height measure H shown in Fig. 2, namely, 
H' < H. That is, as mentioned before, inasmuch as only the photodetector PD 
among the optical parts cannot be miniaturized (that is, the height Mpp thereof 
cannot be lowered), the photodetector PD has a lower part which is projected 
(jutted out) downwards lower than the pickup's lower surface. As described 
above, the optical pickup unit is slidably supported on the chassis of the optical 
disk drive and the chassis's upper surface and the pickup's lower surface are 
arranged with mere the little space left therebetween. Therefore, as a result, it 
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is difficult to make the optical pickup unit thin. 

Referring now to Figs. 3A and 3B, the description will be made as 
regards the reasons why the photodetector PD cannot be miniaturized more 
detail. Fig. 3A is a front view of the photodetector PD. Fig. SB is a left-hand 
side view of the photodetector PD. 

Each of the taking-out terminals (pins) of the photodetector PD is 
made of metal. Aluminum is well used as material of the metal for the taking- 
out terminals (pins). The taking-out terminals (pins) of the photodetector PD 
are bent at about 90 degrees as shown in Fig. 1 . The photodetector PD is 
mounted on a printed circuit board or a flexible printed circuit board (FPC) with 
the taking-out terminals (pins) inserted in the printed circuit board or the flexible 
printed circuit board. 

In the optical pickup unit, the photodetector PD often may be mounted 
on the flexible printed circuit board (FPC) so that the taking-out terminals (pins) 
pass through holes bored through the flexible printed circuit board and are 
soldered to the flexible printed circuit board. In this event, as shown in Fig. 5, 
each hole of the flexible printed circuit board has a diameter which is larger than 
a width A of the taking-out terminal (which includes tolerance) and the flexible 
printed circuit board must have a metallic part to be soldered around each hole. 

Accordingly, if a distance (pitch) between adjacent taking-out terminals 
is shortened, possibility to short-circuit becomes high so that adjacent metallic 
parts of the flexible printed circuit board may overlap each other and solder may 
be in contact with an adjacent taking-out terminal. 

On the other hand, if the width A of the taking-out terminal is shortened, 
sufficient strength is not obtained because the taking-out terminal is fine. 
Accordingly, possibility that slip may occur becomes high only when slight force 
applies to the taking-out terminals after the taking-out terminals are soldered to 
the flexible printed circuit board. 



For these reasons, it is impossible to lower the height HPD of the 
photodetector PD by shortening the width A of the taking-out ternninal and the 
distance (pitch) between the adjacent taking-out terminals. 

Referring to Fig. 6, the description will proceed to a thin optical pickup 
unit according to a preferred embodiment of this invention. The illustrated 
optical pickup unit is similar in structure and operation to the existing thin optical 
pickup unit illustrated in Fig. 4 except that a rising or included angle 0 ' of the 
reflecting surface of the rising mirror MIR' is different from the rising or included 
angle 0 of the reflecting surface of the rising mirror MIR' illustrated in Fig. 4 
and arrangement of the optical parts is different from that illustrated in Fig. 4 as 
will later become clear. 

More specifically, the rising or included angle d ' between the 
reflecting surface of the rising mirror MIR' and the pickup's lower surface is 
smaller than 45 degrees. In addition, as shown in Fig. 6, the optical parts 
comprising the semiconductor laser LD', the photodetector PD, the diffraction 
grating GRT, the beam splitter BS', the collimator lens CL', the concave lens EL', 
and the fonA/ard sensor FS are arranged with these optical parts inclined for an 
optical base OB shown in Fig. 7 so that these optical parts are not jutted out the 
pickup's lower surface downwards. 

In Fig. 7, the optical base OB has a first opening OB-1 and a second 
opening OB-2. The first opening OB-1 is for ensuring a first space for 
receiving the rising mirror MIR'. The second opening OB-2 is for ensuring a 
second space for receiving a lens holder (not shown). The lens holder 
movably holds the objective lens OL' in both of a direction of an optical axis and 
a direction perpendicular to the optical axis. In addition, the objective lens OL' 
held in the lens holder is positioned just above the rising mirror MIR' or in an 
area of the first opening OB-1 . 
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Fig. 8 illustrates a relationship between the rising angle 0 ' of the 
reflecting surface of the rising mirror MIR' shown in Fig. 6 and the rising angle 
0 of the reflecting surface of the rising mirror MIR' shown in Fig. 4. Inasmuch 
as the rising angle 6 of the reflecting surface of the rising mirror MIR' in the 
existing thin optical pickup unit is equal to 45 degrees, an optical axis of both of 
an incident laser beam for the rising mirror MIR' and a return beam reflected by 
the rising mirror MIR' is parallel to the pickup's lower surface. 

On the other hand, inasmuch as the rising angle 6 ' of the reflecting 
surface of the rising mirror MIR' in the thin optical pickup unit according to this 
invention is smaller than 45 degrees, an optical axis of both of an incident laser 
beam for the rising mirror MIR' and a return beam reflected by the rising mirror 
MIR' inclines to upwards for the pickup's lower surface by an angle a . This 
angle a is represented by as follows: 

a =90° -29\ 

As a result, although the photodetector PD cannot be miniaturized, it is 
possible to arrange the optical parts such as the semiconductor laser LD', the 
photodetector PD, the diffraction grating GRT, the beam splitter BS', the 
collimator lens CL', the concave lens EL', and the forward sensor FS in the 
optical base OB (Fig. 7) so that these optical parts are not jutted out the 
pickup's lower surface downwards. Accordingly, it is possible to make the 
optical pickup unit thin. 

Referring now to Fig. 6, description will be made as regards operation 
of the thin optical pickup unit illustrated in Fig. 6 

. Disposed this side, the semiconducjcir laser LD' radiates a laser beam 

forward direction with the laser beani/tficlined to downwards for a horizontal 
surface (the pickup's lower surface) b/ihe angle a , The outgoing laser beam 
is separated into three laser beam;^y the diffraction grating GRT (Fig. 1) and is 
bent at a right angle by the beam splitter BS' to go leftward with the three laser 
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beams inclined to downwards for the horizontal surfac^^y the angle ot . In 
addition, the beam splitter BS' separates the incid^ laser beam into a reflected 
beam and a transmitted beam at a constant ratio. For example, the beam 
^ [ splitter BS' reflects 80% of the incident las^ Deam as the reflected beam and 
transmits 20% of the incident laser beatm as the transmitted beam. The 
forward sensor FS (Fig. 1) monitors a light amount of the transmitted beam from 
the beam splitter BS'. The l^^r beam, which goes leftward with inclined to 
downwards for the horizQiltal surface by the angle a , is collimated into a 
collimated beam by tl?i^ collimator lens CL' and thereafter is bent at a right angle 
by reflecting at tj?e reflecting surface of the rising mirror MIR' to go vertically 
upward. Th6 laser beam, which goes vertically upward, is converged 
(irradiated) on a signal recording surface of the optical disk Disk through the 
objepfive lens OL'. 

Reflected by the signal recording surfacp^f the optical disk Disk, a 
reflected beam (return beam) goes verticajjy^wnward, passes through the 
-^^^bjective lens OL, and is bent at ein^((^^q\e by reflecting the reflecting 
V ^surface of the rising mirror MipiHo go rightward with the return beam inclined to 
f upwards for the horizont^Tsurface by the angle a . The return beam, which 
goes rightward with/ifTclined to upwards for the horizontal surface by the angle 
a , is detecte^M5y the photodetector PD through the collimator lens CL', the 
beam sgHfter BS', and the concave lens EL'. 

While this invention has thus far been described in conjunction with a 
preferred embodiment thereof, it will now be readily possible for those skilled in 
the art to put this invention into various other manners. That is, the thin optical 
pickup unit according to this invention may have any structure in which the 
semiconductor laser and the photodetector are separated to each other and the 
thin optical pickup unit is provided with the rising mirror and the objective lens. 
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Accordingly, the optical parts may not be restricted to the above-mentioned 
ones. 
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